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Abstract 
Riceberry rice, deep purple grain; (Oryza Sativa L.), a cross-bred strain from the Khao Hom Nin Rice variety which is well 
known as containing high antioxidant properties and Khao Hom Mali 105 well known as a fragrant rice.  This study aimed to 
investigate the effect of Riceberry flour addition (10, 20, 30 and 40% by flour weight) on cooking quality, texture and sensory 
attributes of noodles. The optimal ratio of noodle from Riceberry flour was investigated using sensory qualities in comparison 
with the control (100% wheat flour). The results of noodle formula development indicated that as the amount of Riceberry flour 
increased, the stickiness of the noodles decreased and the appearance became darker. Color of noodle (L* and b* values) 
decreased distinctly with the addition of Riceberry flour, while a* value increased. Water absorption, cooking time, breaking 
length and sensory attributes of cooked noodles significantly decreased (pd0.05) with increasing addition of Riceberry flour, 
While cooking loss and tensile strength significantly increased (pd0.05). 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Rice is the staple food of Thailand. It is believed to provide more health benefits than other carbohydrate base 
food, since it contains several nutrients and anti-oxidative compounds (Leardkamolkarn, Thongthep, Suttiarporn, 
Kongkachuichai, Wongpornchai & Wanavijitr, 2011). Rice is rich in many nutrient components including 
carbohydrates, proteins, certain fatty acids and micronutrients (vitamins and trace minerals). They are also sources 
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of many bioactive non-nutrient compounds, known as antioxidant, including phenolic compounds (Frei & Becker, 
2004). Riceberry, deep purple grain; (Oryza Sativa), a cross-bred strain from the Khao Hom Nin Rice variety which 
is well known as containing high antioxidant properties and Khao Hom Mali 105 well known as a fragrant rice. It is 
a new breeding line developed by the Rice Research Center , Kasetsart University, Kamphaeng Saen, Nakhon 
Pathom, Thailand. It is a source of gramma-oryzanol, beta-carotene, niacin, thiamin, vitamin B2, anthocyanins and 
total phenolic compounds. Moreover, the bran extracted from Riceberry was evaluated in human cancer cell lines 
from colon, breast and blood (Leardkamolkarn et al., 2011). Therefore, the development of food products from 
Riceberry might be a good way for consumers who are health conscious. 
Wheat flour noodles are an important part in the diet of many Asians. It is believed that noodles originated in 
China as early as 5,000 BC, then spread to other Asian Countries. Asian noodles are not made exclusively of wheat, 
many are made from rice, buckwheat and starches derived from the mungbean and potato for example (Fu, 2008). 
Traditional noodles are claimed to lack other essential nutritional components such as dietary fibre, vitamins and 
minerals, which are lost during wheat flour refinement. Thus noodle products which represent a major end-use of 
wheat, are suitable for enhancing health after incorporating sources of fibre and essential nutrients (Choo and Aziz, 
2010).  The development of new products is a strategic area of the food industry.  Consumers are demanding foods 
that show two main properties, with the first dealing with the traditional nutritional aspects of the food, whereas, as a 
second feature, additional health benefits are expected from its regular ingestion. These kinds of food product are 
often called nutraceutical foods (Ritthiruangdej, Parnbankled, Donchedee, & Wongsagonsup, 2011).  Researchers 
have tired to use various composite flours with added value are growing rapidly. For noodle and the similar food 
type like pasta, numerous natural additive sources, such as cereal starches, banana flour and E-glucan, purple yam 
flour, protein from lupine, green tea powder, broccoli powder , konjac glucomannan, sweet potato and water 
chestnut flours have been studied so as to improve the nutritional value and functional properties of the product 
(Sirichokworrakit, 2014). Therefore, the objective of this project was to use Riceberry flour as an ingredient to make 
noodles of high nutritional quality. The effect of Riceberry flour was investigated in terms of physicochemical, 
textural, cooking and sensory of noodles.  
2. Materials and Methods 
Riceberry rice was purchased Chiameng Marketing Co., Ltd.. The rice was ground to flour in a grinder and 
passed through a 80-mesh screen. Riceberry flour was kept in sealed container at 4qC until future analysis. 
2.1.  Preparation of noodles  
The basic noodle formula consisted of 100 g of wheat flour, 50 ml of distilled water, 1 g of salt and 1 g of sodium 
carbonate. Four additional noodle samples were prepared by substituting wheat flour with 10 %, 20 %, 30% and 
40% Riceberry flour. The different formulations were processed into noodles using a kitchen aid mixer (Kitchen 
Aid, St. Joseph, MI). The prepared dough was placed to rest in a plastic bag for 30 minutes. The dough was passed 
through a small noodle machine for several times with the rollers gap reduce gradually, to get dough sheets. The 
dimensions of the resultant noodle strands were 2 mm in width and 1 mm in thickness.  
2.2.  Chemical analysis 
The chemical proximate compositions of  Riceberry flour and noodles were analyzed according to AOAC 
method (AOAC, 2010). 
2.3.  Cooking quality 
Water absorption of noodles was analyzed  in accordance to the method described by Takahashi, Miura, Ohisa, 
Mori, & Kobayashi (2005). The noodles (3 g) were boiled in water (200 ml) until completely cooked (2 min), which 
was achieved when the centre of the noodles became transparent. The cooked noodles were washed with distilled 
water, drained for 5 min and weighed immediately. Water absorption was reported as the percent increase in the 
weight of cooked noodles (weight of cooked noodle minus weight of dried noodle) compared to the dry noodle 
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weight (Chung, Cho, & Lim, 2012). The Cooking loss, defined as the amount of solid substance lost into the 
cooking water, was determined according to the method by Lu, Guo, & Zhang (2009). A 10-g sample of noodles 
was placed into 500 ml of boiling distilled water. The cooking water and rinsed using 50 ml of distilled water. The 
cooking water and rinsing water were collected in a beaker and placed into an air oven at 105qC until dry. The 
residue was weighed and reported as a percentage of the starting material. Cooking time was evaluated by observing 
the time of disappearance of the core of the noodles strand during cooking (every 30 s) squeezing the noodles 
between to transparent glass slides (Ritthiruangdej et al., 2011).  
2.4.  Noodle color analysis 
The color of the uncooked and cooked noodle samples were measured with spectrophotometer (Hunter Lab, 
Color Quest XE, USA) equipped with a D65 illuminant using the CIE L* a* b* system. L* value is a measurement 
of brightness (0-100); a* value represents the red – green coordinates (- is green while + is red); b* value indicates 
the blue – yellow coordinates  (- is blue while + is yellow). All measurements were performed in triplicate. 
2.5.  Noodle texture analysis 
Texture properties of noodles were measured using texture analyzer (Lloyd Instrument, TA plus, UK) under 
optimal test conditions. Measurements were carried out at room temperature exactly 10 min after cooking  (Lu et al., 
2009). Instrument settings were pull to break mode: test speed 1 mm/s. Two texture parameters were obtained: 
tensile strength (maximum force; N) and breaking length (distance at maximum force; mm). Three replicates of 
cooked noodles at each level of Riceberry flour were determined. 
2.6.  Sensory evaluation 
All noodle samples were boiled using tap water for the optimum cooking time. The samples with soup were 
evaluated for  appearance, flavor, taste, softness, stickiness and overall acceptability of the samples by 30 untrained 
panelists using nine-point hedonic scales, where 9 = extremely like and 1 = extremely dislike. Each panelist 
evaluated five samples (identified by unique three-digit codes) in a balanced sequential order. The optimal ratio of 
Riceberry flour in the noodles was investigated using sensory qualities in comparison to the control noodles. 
3. Results and discussion 
3.1.  Proximate compositions 
Chemical compositions of Riceberry flour and wheat flour are presented in Table 1. It was found that the 
moisture content, Protein and crude fat of Riceberry flour were lower than wheat flour. The protein content in flour 
was the key factor to create the noodle structure (Ragaee & Abdel Aal, 2006). For ash and crude fiber of  Riceberry 
flour was higher than that of wheat flour. Chuaykarn, Laohakunjit, Suttisansanee, Hudthagosol, & 
Somboonpanyakul (2013) reported that protein, crude fat, crude fiber and ash contents of  Riceberry flour were 8.32, 
1.40, 1.95 and 1.45 g/100 g, respectively. 
Table 1. Chemical compositions of  Riceberry flour and wheat flour. 
 
Chemical compositions (%) Ricebery flour Wheat Flour 
Moisture content 10.94 r 0.02 11.96 r 0.04 
Ash 1.13 r 0.04   0.74 r 0.01 
Protein 8.34 r 0.03 11.87 r 0.02 
Crude fat 0.91 r 0.04   1.15 r 0.04 
Crude fiber 2.73 r 0.05   0.35 r 0.05 
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The proximate compositions; moisture content, ash, protein, crude fat and crude fiber of raw noodles with added 
Riceberry flour and control noodles are shown in Table 2. There were significant differences in the proximate 
composition. The results showed that the moisture content of all noodles were in the range of 34.86 – 37.96%. The 
protein and crude fat content decreased when the Riceberry flour amount in the noodles increased due to protein and 
crude fat content in Riceberry flour was lower than wheat flour (Table 1). The ash and crude fiber content increased 
when the Riceberry flour amount in the noodles increased. The ash content depended on the quality of the flour and 
thus corresponds to the higher mineral content (Kim, 1996). Yodmanee et al. (2011) reported that ash contents of 
pigmented rice had iron content in the range of 0.91-1.66 mg/100 g and it seems the purple rice had higher iron 
content that red brown color rice.  
 
                          Table 2. Chemical compositions of  uncooked  noodles supplemented with  Riceberry flour. 
 
Sample Moisture  (%) Ash  (%) Protein  (%) Crude fat (%) Crude fiber  (%) 
0% RF noodle 34.86r0.0
2c 
0.64r0.01e 8.22r0.0
2a 
1.01r0.03a 0.46r 0.04c 
10% RF 
noodle 
36.92r0.0
2b 
0.81r0.01d 8.11r0.0
3a 
0.85r0.03b  0.92r 0.05b 
20% RF 
noodle 
37.96r0.0
3a 
1.05r0.02c 7.53r0.0
1b 
0.78r0.02c  0.95r 0.03b 
30% RF 
noodle 
36.70r0.0
1b 
1.08r0.03b 7.34r0.0
2b 
0.65r 
0.04d 
1.21r 0.04ab 
40% RF 
noodle 
36.98r0.0
3b 
1.14r0.02a 6.78r0.0
2c 
0.60r 
0.01e 
1.59r 0.03a 
 
           Different superscript letters in a column indicate significant difference. (Pd0.05) 
                             RF = Riceberry flour 
3.2.  Cooking quality 
 A good quality noodle should have short cooking time with little loss of solids in the cooking water furthermore 
water absorption is an indication of the quality of water absorbed by the noodles during cooking, which is an 
important characteristic determining the cooking quality of noodles (Chung et al., 2012). Cooking time, Cooking 
loss and water absorption are presented in Table 3.  The results indicated that the noodles from wheat flour had 
longer cooking time and higher water absorption than noodles from Riceberry flour while cooking loss of noodles 
from Riceberry flour had higher than noodles from wheat flour. The differences in cooking quality were attributed 
primarily to the gluten fraction. This is because, by increasing the amount of Riceberry flour that is incorporated, the 
gluten fraction was diluted, leading to less water retention for the noodle. Therefore, increasing the amounts of 
Riceberry flour hindered the functional dough properties and the cooking quality (Li, Huang, Yang, & Wang, 2012). 
    Table 3. Cooking time, cooking loss and water absorption of noodles supplemented with Riceberry flour. 
 
Sample Cooking time  (min) Cooking loss  (%) Water absorption  (%) 
0% RF noodle 4.18r0.01a 4.50r0.01e 117.09r0.02a 
10% RF 
noodle 
4.09r0.01b 5.09r0.01d 72.00r0.01b 
20% RF 
noodle 
4.07r0.01c 5.32r0.01 c 70.36r0.01c 
30% RF 
noodle 
4.06r0.01c 6.56r0.01 b 68.37r0.02d 
40% RF 4.00r0.01d 7.54r0.01 a 50.34r0.02e 
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noodle 
 
    Different superscript letters in a column indicate significant difference. (Pd0.05) 
    RF = Riceberry flour 
3.3.  Noodle color analysis 
Color is one of the most important factors in determining consumer acceptance. Color characteristics of 
uncooked noodles and cooked noodles supplemented with Riceberry flour are shown in Table 4. As compared 
between wheat noodles and noodles supplemented with Riceberry flour, the results indicated that the color of wheat 
noodles had higher L* and b* value than noodles supplemented with Riceberry flour. On the other hand, the color of 
noodles supplemented with Riceberry flour had appeared more reddish. That was affected by the natural color of 
Riceberry flour used for noodle preparation. The rice flour used in this study has high anthocyanin pigment caused 
dark flour color (Yodmanee et al., 2011). Furthermore, the cooking process could also affect the product color as 
shown in table 4. The cooked noodles appeared to have darker color than the uncooked noodles especially the 
noodles supplemented with Riceberry flour. Since the heating process as well as the alkaline condition could 
degrade anthocyanin pigment in noodles made from Riceberry flour. 
Table 4.  Color characteristics of uncooked noodles and cooked noodles supplemented with Riceberry flour. 
 
Sample 
Uncooked noodles Cooked noodles 
L* a* b* L* a* b* 
0% RF noodle 64.17r1.15a 0.44r0.05d 21.77r0.21a 64.08r1.02a 0.46r 0.11c 16.53r0.48a 
10% RF noodle 45.89r0.42b 3.53r0.06c 9.27r0.14b 45.05r0.98b  0.92r 0.21b 7.58r0.45b 
20% RF noodle 42.13r0.14c 4.03r0.35b 6.60r0.41c 38.70r0.57c  0.95r 0.11b 4.95r0.32c 
30% RF noodle 40.47r1.32d 4.75r0.19a 4.73r0.15d 33.75r 0.61d 1.21r 0.51ab 4.36r0.50cd  
40% RF noodle 39.56r0.21d 4.79r0.07a 4.40r0.19d 28.66r 1.33e 1.59r 0.15a 4.17r0.14d 
                  Different superscript letters in a column indicate significant difference. (Pd0.05) 
                  RF = Riceberry flour 
 
3.4.  Noodle texture analysis 
Tensile parameters, tensile strength and breaking length of cooked noodles made from wheat flour and 
supplemented with Riceberry flour are compared in Table 5. The tensile strength and breaking length were 
significantly different with the variation of Riceberry flour content increased. The results indicated that tensile 
strength increased while breaking length decreased when the Riceberry flour content increased. That was noodles 
from Riceberry flour had higher hardness and lower elasticity than noodles from wheat flour. It might be due to the 
fact that the Riceberry flour had lower protein content than wheat flour (Table 1). Furthermore, the major protein in 
Riceberry flour is in the form of protein body, which makes them unavailable to form network during dough 
formation. The addition of Riceberry flour, a non-gluten flour, in the fabrication of noodles diluted the gluten 
strength of the wheat flour and interrupted as well as weakened the overall structure of noodles (Kovacs, Fu, Woods, 
& Khan, 2004). 
 
 
Table 5. Texture characteristic of cooked noodles supplemented with Riceberry flour. 
  
Sample Tensile strengh  
(N) 
Breaking length  
(mm) 
0% RF noodle 0.22r0.01a 35.60r1.01a 
10% RF noodle 0.16r0.02b 25.00r1.21b 
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20% RF noodle 0.14r0.02bc 22.33r1.16 b 
30% RF noodle 0.12r0.01cd 27.03r1.32 b 
40% RF noodle 0.10r0.01d 24.67r1.43 b 
 
                                                Different superscript letters in a column indicate significant difference. (Pd0.05) 
                                                RF = Riceberry flour 
3.5.  Sensory evaluation 
The cooked noodles were evaluated for their sensory quality characteristics appearance, flavor, taste, softness, 
stickiness and overall acceptability as show in Table 6. The results indicated that appearance, tasted, softness, 
stickiness and overall acceptability scores significantly decreased as the Riceberry flour content increased while 
flavor attribute was not significantly different. The noodles supplemented with 30% Riceberry flour received the 
same taste, softness, stickiness and overall acceptability scores as the controls. This finding might conclude that 
using the Riceberry flour as a proportional substitution for wheat flour up to 30% could obtain the similar quality 
and pleasant appearance as regular noodles.  
Table 6. Sensory evaluation of  noodles supplemented with Riceberry flour. 
 
Sample Appearance  Flavor ns Taste Softness Stickiness Overall acceptability 
0% RF noodle 7.10r0.35a 6.80r0.6
1 
6.97r0.48a 7.97r0.52a 8.03r0.
88a 
7.20r0.53a 
10% RF noodle 5.70r0.48b 6.10r0.6
2 
6.13r0.23b 6.40r0.44b  6.57r0.
54b  
6.83r0.65ab 
20% RF noodle 6.10r0.36b 6.40r0.5
8 
6.47r0.64ab 6.23r0.61b  6.30r0.
32b  
6.70r0.69ab 
30% RF noodle 6.03r0.74b 6.27r0.4
9 
6.53r0.59ab 7.80r 0.55a 7.73r 
0.65a 
6.67r0.82ab 
40% RF noodle 5.73r0.38b 6.17r0.7
1 
5.90r0.45b 5.27r 0.48c 5.60r 
0.69c 
6.40r0.41b 
 
Different superscript letters in a column indicate significant difference (Pd0.05) 
ns = no significant difference (P!0.05) 
RF = Riceberry flour 
 
4. Conclusion 
 
In order to substitute wheat flour with Riceberry flour in noodle products, the mixture of native and Riceberry 
flour was used. The results show that noodles made from Riceberry flour had lower water absorption and cooking 
time and higher cooking loss as compared to the noodles made from wheat flour. In addition the Riceberry flour 
noodles had deep reddish color and dark, while the wheat noodles appeared bright yellowish color. For textural 
property, the noodles made from Riceberry flour had weaker structure than the noodles made from wheat flour.  
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